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Abstract 

Background: Elevated serum alpha-fetoprotein (AFP) is not only a diagnostic 
marker for hepatocellular carcinoma (HCC), but is also a risk factor for 
HCC in chronic hepatitis C patients who do not have HCC. Aim: The aim 
was to analyse the hepatic gene expression signature in chronic hepatitis C 
patients with elevated AFP, who were at high risk for HCC. Methods: Liver 
tissue samples from 48 chronic hepatitis C patients were stratified by their 
serum AFP levels and analysed for gene expression profiles. The association 
between aldo-keto reductase family 1 member B10 (AKR1B10) expression 
and serum AFP was confirmed by quantitative real-time reverse transcription 
polymerase chain reaction (qRT-PCR) and immunohistochemical analyses. 
A matched case-control study was performed to evaluate the risk of 
AKR1B10 expression for HCC development. Results: Distinct hepatic gene 
expression patterns were demonstrated in patients with elevated AFP 
( > 10 ng/mL) and normal AFP (<10 ng/mL). Of the 627 differently 
expressed genes, the most abundantly expressed gene in patients with ele- 
vated AFP was AKR1B10 (fold change, 26.2; P < 0.001), which was originally 
isolated as an overexpressed gene in human HCC. The qRT-PCR and immuno- 
histochemical studies confirmed a proportional correlation between 
AKR1B10 expression and serum AFP. A matched case- control study identi- 
fied that AKR1B10 up-regulation (>6%) was an independent risk factor for 
HCC development (hazard ratio, 21.4; P = 0.001). Conclusion: AKR1B10 
was up-regulated in association with serum AFP, and was an independent 
risk factor for HCC in chronic hepatitis C patients, suggesting its possible 
involvement at a very early stage of hepatocarcinogenesis. 



Hepatocellular carcinoma (HCC) is the fifth most common 
cancer and the third most common cause of 
cancer- related death worldwide (1). Approximately 
70-90% of patients with HCC have an established 
background of chronic liver disease and cirrhosis (1). 
Persistent infection with the hepatitis C virus (HCV) is 
one of the major causes of chronic liver disease leading 
to the development of HCC. Persistent HCV infection 
is responsible for 27-75% of the HCC cases in Europe 
and the United States and >80% of the HCC cases in 
Japan (2, 3). The annual incidence of HCC develop- 
ment is 2-8% in cirrhotic patients with chronic HCV 
infection (4, 5). Persons with anti-HCV positivity were 
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shown to have a 20- fold increased risk of developing 
HCC in comparison with those who were negative for 
anti-HCV (6). Thus, the carcinogenic role of persistent 
HCV infection appears to be significant. However, the 
molecular mechanism of HCV- related hepatocarcino- 
genesis is not completely understood, particularly in its 
early stages. 

Alpha-fetoprotein (AFP) is the most thoroughly 
characterized carcinofetal gene product and its useful- 
ness in the surveillance and diagnosis of HCC is well 
established. On the other hand, AFP elevation is rec- 
ognized not only in patients with HCC but also in 
patients with chronic viral hepatitis or cirrhosis, who 
have no evidence of HCC. AFP elevation was 
observed in over 15% of patients with chronic hepatitis 
C in the absence of HCC (7). In addition, several stud- 
ies have indicated that AFP elevation is a significant 
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predictor of HCC development (8-10). Recent reports 
reveal that the estimated HCC risk in patients with 
elevated AFP is over three -fold higher than that in 
patients with normal AFP (11, 12). These observa- 
tions suggest that the molecular alterations associated 
with the very early stages of hepatocarcinogenesis 
have occurred in the livers of patients with chronic 
hepatitis C with AFP elevation. In this study, we 
attempted to identify a specific gene expression signa- 
ture by performing microarray analysis on the livers 
of patients with chronic hepatitis C and AFP eleva- 
tion, which is considered high risk for development 
of HCC. 



Materials and methods 

Patients and sample preparation 

Liver tissues were obtained from patients with chronic 
hepatitis C via percutaneous liver biopsy at Juntendo 
University Shizuoka Hospital (Shizuoka, Japan). 
Chronic hepatitis C was diagnosed on the basis of anti- 
HCV status and detectable serum HCV RNA. All the 
patients were negative for hepatitis B surface antigen 
and showed no evidence of HCC on ultrasonography 
or computed tomography before biopsy. Histological 
grading and staging were performed according to the 
Metavir classification system (13). Blood chemistry val- 
ues for the following factors were determined: complete 
blood count, alanine aminotransferase (ALT), y-glut- 
amyl transpeptidase (yGTP) and AFP. In this study, we 
defined elevated AFP as a value of > 10 ng/mL, 
according to previous reports (10, 12). Normal liver 
tissues without unusual histological features were 
obtained from nontumoral parts of livers complicated 
with colorectal metastasis and were used as control 
liver tissues. 

This study was approved by the Ethical Committee of 
Juntendo University Shizuoka Hospital in accordance 
with the Helsinki Declaration, and written informed 
consent was obtained from all patients. 

RNA preparation and microarray hybridization 

Total RNA was isolated using the RNeasy Mini Kit 
(Qiagen, Hilden, Germany) and evaluated by the Agi- 
lent 2100 Bioanalyzer (Agilent Technologies, Palo Alto, 
CA, USA). Only high-quality RNA with RNA integrity 
numbers greater than 7.0 was used for experiments. The 
Agilent Whole Human Genome Microarray (design ID, 
014850), which contains 44,000 60-mer oligonucleotide 
probes representing 41,000 genes and transcripts, was 
used to generate gene expression profiles. Total RNA 
(250 ng) was labelled and hybridized according to the 
One-Color Microarray-Based Gene Expression Analysis 
protocol ver.5.7. Hybridization signals were detected 
using the DNA microarray scanner G2505B (Agilent 
Technologies). 



Microarray data analysis 

The intensity values of each scanned feature were quan- 
tified using Agilent feature extraction software 
(vl 0.7. 1.1, Agilent Technologies). We only used features 
that were flagged as no errors (present flags) and 
excluded features that were not positive, not significant, 
not uniform, not above background, saturated and pop- 
ulation outliers (marginal and absent flags). Normaliza- 
tion was performed using GeneSpring GX 10.0.2 
software (Agilent Technologies) (per chip, normaliza- 
tion to 75 percentile shift; per gene, normalization to 
median of all samples). Data filtration resulted in 30,150 
probes as a valid expressed gene set in which at least 24 
of the 48 samples had present flags for further analysis. 
Raw microarray data were deposited in Gene Expression 
Omnibus (GSE32221) and are available to the public. 

The altered transcripts were quantified using the 
comparative method. Statistical analysis between groups 
was performed by the unpaired unequal variance 
Welch's t-test, and multiple testing corrections were 
performed by determining the false discovery rate 
(FDR) using GeneSpring software. Altered gene expres- 
sion was considered significant if the transcript had an 
FDR corrected to P < 0.05 and > 2-fold change in 
signal intensity. Principal component analysis (PCA), 
hierarchical clustering analysis (HCA) and gene ontol- 
ogy (GO) analysis were performed using GeneSpring 
software. 

Quantitative real-time RT-PCR for RNA quantification 
(qRT-PCR) 

TaqMan real-time RT-PCR was performed to quantify 
the relative expression levels of aldo-keto reductase 
family 1, member B10 (AKR1B10) (assay ID, 
Hs01546975_gH) and the beta-actin housekeeping gene 
(assay ID, Hs99999903_ml) (Applied Biosystems, Foster 
City, CA, USA). cDNA was synthesized from 1 jig total 
RNA by using Superscript reverse transcriptase (Invitro- 
gen, Carlsbad, CA, USA) with oligo dT primers, accord- 
ing to the manufacturer's instructions. Specific mRNA 
was quantified with a LightCycler 480 (Roche, Mann- 
heim, Germany) by using 2 x Premix Ex Taq (TaKaRa 
BIO, Shiga, Japan). All PCR reactions were performed in 
triplicate. The relative expression of AKR1B10 was cal- 
culated using the comparative cycle threshold (delta C T ) 
method as described previously (14). 

Immunohistochemistry 

AKR1B10 immunohistochemical analysis was per- 
formed as described previously with some modifications 
(14). In brief, deparaffinized and rehydrated sections 
were processed by heat- induced antigen retrieval in 
0.1 M citrate buffer at pH 6.0. After blocking the endog- 
enous peroxidase activity, the sections were incubated 
with a mouse monoclonal antibody against AKR1B10 
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(Ab 57547; Abeam, Cambridge, UK) with a 1:100 dilu- 
tion at room temperature, followed by incubation with 
biotinylated secondary antibody (Ventana iVIEW DAB 
Universal Kit; Ventana Medical Systems Inc., Tucson, 
AZ, USA). Staining was visualized using 3'-3-diam- 
inobenzidine tetrahydrochloride and hematoxylin coun- 
terstain. Negative controls were performed by replacing 
the primary antibody with mouse immunoglobin 
(Sigma-Aldrich Biochemicals, St. Louis, MO, USA). 
AKR1B10 immunostaining was based on positive cyto- 
plasmic staining and was quantitatively assessed as the 
average percentage of AKR1B10 positive areas in two 
independent fields at 100 x magnification by using 
Lumina Vision 2.4 Bio-imaging software (Mitani Cor- 
poration, Tokyo, Japan). 

Matched case-control study 

From January 2005 to April 2010, 278 consecutive 
patients with chronic hepatitis C underwent liver biopsy 
followed by periodic HCC surveillance by using ultraso- 
nography or computed tomography at least every 
4 months. All the patients had a minimum follow-up 
duration of 12 months after liver biopsy. HCC was 
diagnosed by histological examination and/or triphasic 
computerized tomography, in which hyperattenuation 
in the arterial phase with washout in the late phase is 
pathognomonic for HCC (15). For each patient who 
developed HCC, two control patients who matched the 
HCC patient in terms of gender, age (within 5 years) 
and histological fibrosis stage were randomly selected 
from the patients who did not develop HCC during the 
follow-up period. 

Statistical analysis 

Statistical analysis was performed using the Mann- 
Whitney {7-test for comparison of continuous variables 



between groups and the corrected Chi-squared method 
for comparison of qualitative data. Univariate and mul- 
tivariate Cox proportional hazard models were used to 
assess factors that were significantly associated with 
HCC development. The hazard ratio and 95% confi- 
dence interval (CI) were also calculated. All statistical 
analyses were performed using IBM spss 13.0 (IBM 
SPSS, Chicago, IL, USA). P < 0.05 was considered sta- 
tistically significant. 



Results 

Gene expression profiling by microarray analysis 

The baseline characteristics of the 48 patients who were 
enrolled in the microarray analysis are summarized in 
Table 1. Fifteen (31%) of the 48 patients showed eleva- 
tion of serum AFP ( > 10.0 ng/mL). There were no 
significant differences between patients with elevated 
AFP and those with normal AFP in terms of age, gender, 
body mass index or histological grade of necroinflam- 
mation. Patients with elevated AFP showed higher 
serum ALT, lower platelet count and further progres- 
sion of liver fibrosis compared to those with normal 
AFP. 

Among the 30,150 valid genes, 627 were identified as 
differentially expressed genes with a minimal fold 
change of 2.0. Using these 627 genes, PCA and HCA 
were used to successfully distinguish samples according 
to their AFP status. Patients with elevated AFP were 
divided from the cluster of those with normal AFP in 
scatter spot graphics of PCA (Fig. 1A). HCA resulted in 
the formation of two main clusters, one comprising 27 
of the 33 (81.8%) patients with normal AFP and the 
other comprising 14 of the 15 (93.3%) patients with ele- 
vated AFP (Fig. IB). Classification of these 627 genes 
according to GO function demonstrated that patients 
with elevated AFP showed up -regulation of genes asso- 



Table 1. Baseline characteristics of patients enrolled in the microarray analysis 






Patients with normal 


Patients with elevated 




Variables 


All patients 


AFP(<10 ng/mL) 


AFP(>10 ng/mL) 


Pvaluef 


Number 


N = 48 


N= 33 


N= 15 




Age (years)* 


59.5 (32-78) 


57.0(32-78) 


65.0 (44-78) 


0.142 


Gender (male/female) 


28/20 


21/12 


7/8 


0.349 


Body mass index (kg/cm 2 )* 


22.7 (17.5-30.4) 


22.8(18.6-30.4) 


22.5 (17.5-29.0) 


0.755 


ALT (IU/L)* 


61.5 (10-290) 


39.0(10-270) 


162.0(54-290) 


<0.001 


yGTP (IU/L)* 


38.5 (9-540) 


28.0(9-119) 


1 6 (28-540) 


<0.001 


Platelet count (10 4 /|iL)* 


18.8(5.2-35.4) 


20.5(8.3-35.4) 


14.8(5.2-22.4) 


<0.001 


AFP (ng/nD* 


5.0(2-120) 


4.0 (2-9) 


19.0(10-120) 


<0.001 


Staging (F0-F2/F3-F4) 


41/7 


33/0 


8/7 


<0.001 


Grading (A0-A1/A2-A3) 


12/26 


10/23 


2/13 


0.292 



ALT, alanine aminotransferase; AFP, alpha-fetoprotein; yGTP, y-glutamyl transpeptidase. 
*Data are expressed as median (range). 

•j-The P value was determined using the Mann-Whitney Otest, the Chi-square test, and Fisher's exact probability test. 
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Fig. 1 . Analysis of gene expression data. (A) Principal component analysis for the 627 differentially expressed genes between the patients 
with normal alpha-fetoprotein (AFP) (N = 33, blue dots) and elevated AFP (N = 15, red dots). (B) Hierarchical clustering for the 627 differen- 
tially expressed genes between the patients with normal AFP (N = 33, blue squares) and elevated AFP (N = 15, red squares). Red and blue 
cells indicate the ratio of each expression level above and below the median respectively. 



ciated with the GO terms 'immune response,' 'DNA 
replication,' 'biological adhesion' and c cell adhesion' 
(Table SI). 

Up -regulation of AKR1B10 in patients with elevated AFP 

The top 20 differentially expressed genes are shown in 
Table 2. Among them, AKR1B10 was the most abun- 
dantly up -regulated gene in patients with elevated AFP 
(26.1 -fold change, P < 0.001). The microarray data were 
validated by qRT-PCR. The expression of AKR1B10 
mRNA was significantly higher in patients with elevated 
AFP than in patients with normal AFP: median 22.3 
arbitrary units vs. 0.58 arbitrary units respectively 
(P < 0.001) (Fig. 2A). In addition, regression analysis 
showed a significant correlation between AKR1B10 
mRNA and serum AFP (Fig. 2B). 

To further analyse AKR1B10 expression, immuno- 
histochemical analysis was performed using a mono- 
clonal antibody against AKR1B10. In the normal 
control liver tissues, immuno reactivity was mainly 



observed in bile duct cells, whereas reactivity was rarely 
observed in the cytoplasm of these hepatocytes 
(Fig. 3A). In contrast, hepatocytes in livers with 
chronic hepatitis C showed prominent AKR1B10 
immuno reactivity in the cytoplasm, or in the cyto- 
plasm and nucleus (Fig. 3B). The AKRIBlO-positive 
hepatocytes were mostly localized in the periportal 
zone. Quantitative image analysis revealed that the 
median percentage of the AKR1B10 positive area was 
0.16, 0.16 and 12.57% in control subjects, patients with 
normal AFP and patients with elevated AFP respec- 
tively. The AKR1B10 positive areas were significantly 
greater in patients with elevated AFP than in control 
subjects and patients with normal AFP (P < 0.001) 
(Fig. 3C). Although several patients with normal AFP 
exhibited elevated AKR1B10 immuno reactivity, these 
differences were not statistically significant between 
control subjects and patients with normal AFP. Similar 
to the qRT-PCR results, regression analysis showed a 
significant correlation between AKR1B10 immunoreac- 
tivity and serum AFP (Fig. 3D). 
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Table 2. Differentially expressed genes in patients with elevated alpha-fetoprotein by fold change ranking (Top20) 




Symbol 


Title 


Up or down 


P value 


rUlU LI Idl lytr 


AKR1B10 


Aldo-keto reductase family 1 , member B1 0 


Up 


9.19E-07 


26.2 


KRT23 


Keratin 23 


Up 


4.17E-07 


22.6 


GPC3 


Glypican 3 


Up 


3.54E-09 


12.3 


FAM3B 


Family with sequence similarity 3, member B 


Up 


1.67E-06 


10.5 


HKDC1 


Hexokinase domain containing 1 


Up 


3.89E-07 


8.8 


EpCAM 


Epithelial cell adhesion molecule (TACSTD1) 


Up 


3.07E-06 


7.6 


DHRS2 


Dehydrogenase/reductase (SDR family) member 2 


Down 


2.39E-04 


7.0 


OSTbeta 


Organic solute transporter beta 


Up 


3.14E-06 


7.0 


NRXN3 


Neurexin 3 


Up 


1.40E-04 


6.7 


CHI3L1 


Chitinase 3-like 1 


Up 


2.92E-06 


6.5 


TMEM125 


Transmembrane protein 125 


Up 


9.21 E-06 


6.3 


KCNN2 


Potassium intermediate/small conductance 


Down 


5.68E-04 


6.2 




calcium-activated channel, subfamily N 








PDZK1IP1 


PDZK1 interacting protein 1 


Up 


1.39E-05 


6.1 


RAB25 


RAB25, member RAS oncogene family 


Up 


1.73E-05 


6.0 


DI030S 


Deiodinase, iodothyronine, type 3 opposite strand 


Down 


1.87E-06 


5.6 


LYPD1 


LY6/PLAUR domain containing 1 


Up 


3.97E-05 


5.5 


STMN2 


Stathmin-like 2 


Up 


5.53E-04 


5.1 


LOXL4 


Lysyl oxidase-like 4 


Up 


3.91 E-06 


5.1 


KLHL29 


Kelch-like protein 29 


Up 


3.68E-08 


5.0 


TMC4 


Transmembrane channel-like 4 


Up 


3.64E-06 


5.0 




( 10 ng/ml), W= 33 [> 10 ng/ml), N~ 15 RT-PCR AKR1B1EH(i-actin 

Fig. 2. Quantitative real-time RT-PCR analysis. (A) Comparison of AKR1 B1 0 mRNA expression between the patients with normal alpha-feto- 
protein (AFP) and the patients with elevated AFP (Mann-Whitney LV-test, P < 0.001 ). (B) Regression of AKR1 B 1 0 mRNA and serum AFP 
(N = 48, R 2 = 0.326, P < 0.001). 



AKR1B10 expression and risk of HCC 

A matched case-control study was performed to evalu- 
ate the risk of AKR1B10 expression for HCC develop- 
ment. During the follow-up period after liver biopsy, 20 
of 278 chronic hepatitis C patients developed HCC. A 
comparison of patient characteristics between HCC and 
control cases is shown in Table 3. According to the 
case-match design, age, gender and fibrosis stage were 
similar in both groups, but serum ALT and AFP were 
significantly higher in HCC cases than in control cases. 



Immunohistochemical analysis demonstrated that 
AKR1B10 expression was significantly higher in HCC 
cases than in control cases (17.7% vs. 1.2%, P = 0.001). 
Table 4 shows the Cox proportional hazard ratios for 
HCC development estimated with univariate and multi- 
variate models. Univariate analysis identified four 
factors that were significantly associated with HCC 
development: ALT ( > 90 IU/L, P = 0.037), platelet 
count ( < 10 x 10 4 /uL, P = 0.005), AFP ( > 13 ng/mL, 
P = 0.012) and AKR1B10 expression ( > 6%, P = 
0.006). Multivariate analysis identified two independent 



Liver International (2012) 

1386 © 201 2 John Wiley & Sons A/S 



Sato et al. 



AKR1B10 in hepatitis C 





w = s 



P.iben!s wilh 
r(irm;iU\ cs 
f.:1D rpgpmlj, 
JV-33 



W- 15 



G 10 30 30 &Q 



Fig. 3. AKR1B10 immnohistochemical analysis. (A) Representative immunohistochemical staining of normal control liver tissue. Bile duct epi- 
thelium served as the positive control. (B) Representative immunohistochemical staining of liver tissue with chronic hepatitis C (magnifica- 
tion x 100). (C) Quantification of AKR1B10 immunoreactivity (Mann-Whitney U-Xest). (D) Regression of AKR1B10 immunoreactivity and 
serum alpha-fetoprotein in patients with chronic hepatitis C (N = 48, R 2 = 0.61 3, P < 0.001 ). 



Table 3. Baseline characteristics of patients enrolled in the matched case-control study 



Variables 


HCC cases (N = 20) 


Control cases (N = 40) 


Pvaluef 


Gender (male/female) 


14/6 


28/12 


Matched 


Age (years)* 


65 (44-79) 


66 (44-80) 


Matched 


Staging (F1/F2/F3/F4) 


3/2/11/4 


6/4/22/8 


Matched 


Body mass index (kg/m 2 )* 


23.0(17.5-31.3) 


23.1 (17.3-28.6) 


0.878 


ALT(IU/L)* 


97 (32-489) 


53 (17-699) 


0.017 


yGTP (IU/L)* 


79 (24-161) 


45 (13-375) 


0.063 


Platelet count (x10%L) 


9.9(5.1-17.3) 


15.4(9.1-24.4) 


<0.001 


AFP(ng/mL)* 


20(3-142) 


6(1-576) 


0.007 


Interferon therapy (Yes/No) 


16/4 


37/3 


0.208 


Viral clearance (Yes/No) 


6/14 


21/19 


0.099 


AKR1B10 expression (%)* 


17.7(0-66.6) 


1.2(0-41.0) 


0.001 


Follow-up duration (days)* 


920(164-2079) 


1534 (406-2118) 


0.004 



ALT, alanine aminotransferase; AFP, alpha-fetoprotein; yGTP, y-glutamyl transpeptidase; HCC, hepatocellular carcinoma. 
*Data are shown as median (range). 

|The P value was determined using the Mann-Whitney Otest, the chi-square test and Fisher's exact probability test. 



factors that were significantly associated with HCC 
development: expression of AKR1B10 (hazard ratio, 
21.45; P = 0.023) and platelet count (hazard ratio, 
17.46; P = 0.029). Kaplan- Meier plot analysis and the 



log- rank test showed a significant difference in cumula- 
tive incidence of HCC development between cases with 
high (>6%) or low (<6%) expression of AKR1B10 
(Fig. 4). 
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Table 4. Univariate and multivariate analysis for predictors of hepatocellular carcinoma development 



Variable 


Category 


Univariate analysis 




Multivariate analysis 




l_i _ _ _ „ _j „_ + ; _ /OHO/ C \\ 

Hazard ratio (yb% U) 


P value 


Hazard ratio (yb% Ll) 


lvalue* 


Body mass index (kg/m 2 ) 


0 


<25.2 


1 


0.332 








1 


>25.2 


1.75 (0.57-5.42) 








ALT (IU/L) 


0 


<90 


1 


0.037 








1 


>90 


3.53 (1.08-11.56) 








yGTP (IU/L) 


0 


<65 


1 


0.061 








1 


>65 


3.20(0.95-10.81) 








Platelet count (x10 4 /|il_) 


0 


>10.0 


1 


0.005 


1 


0.029 




1 


<10.0 


19.08 (2.44-149.10) 




17.46(1.34-226.81) 




AFP (ng/mL) 


0 


<13 


1 


0.012 








1 


>13 


5.26(1.43-19.31) 








AKR1B10 expression (%) 


0 


<6 


1 


0.006 


1 


0.023 




1 


>6 


17.79 (2.29-138.33) 




21.45(1.54-310.86) 




Interferon therapy 


0 


Yes 


1 


0.149 








1 


No 


5.26(0.55-50.02) 








Viral clearance 


0 


Yes 


1 


0.120 


1 


0.057 




1 


No 


2.41 (0.80-7.32) 




10.34 (0.93-114.40) 





ALT, alanine aminotransferase; AFP, alpha-fetoprotein; yGTP, y-glutamyl transpeptidase. 
*The P value was determined using the Cox proportional hazard model. 



Discussion 

Although AFP is widely used in the surveillance and 
diagnosis of HCC, the AFP level is sometimes elevated 
in chronic liver disease patients who have no evidence 
of HCC. Measurement of AFP is clinically important 
despite its lack of specificity because elevated serum AFP 
in benign liver disease is a significant predictor of HCC 



1.0- 



0.8 



o 
o 



o 0.6- 



£ 0.4 

TO 
3 

E 

3 

o 

0.2- 



0.0 



high AKR1 B1 0 expression (> 6%), N = 31 



P= 0.001 



Low AKR1B10 expression (< 6%), N = 29 



500 1000 1500 2000 
Days after liver biopsy 



2500 



Fig. 4. Cumulative incidence of hepatocellular carcinoma develop- 
ment according to AKR1 B10 expression (log-rank test, P= 0.001). 



(7-12). Therefore, livers with elevated AFP are at a 
higher carcinogenic risk than those with normal AFP. In 
this study, to precisely investigate the molecular alter- 
ation in the very early stages of hepatocarcinogenesis, 
we used a cDNA microarray-based strategy to compare 
the gene expression profiles of chronic hepatitis C 
patients who were stratified according to their AFP lev- 
els. The PCA and HCA of our microarray data demon- 
strated a clear difference in the intrahepatic molecular 
signatures between patients with elevated AFP and those 
with normal AFP. GO analysis revealed that genes up- 
regulated in patients with elevated AFP were enriched in 
the GO terms 'immune response' (e.g., IFI6, TREM2, 
ISG15 and CXCL10) and 'DNA replication' (e.g., CDC6 
and CDC45L). Serum AFP is thought to be increased 
both by hepatocyte injury and up-regulation of its turn- 
over, because it is correlated with serum ALT and histo- 
logical necroinflammation in patients with chronic 
hepatitis C (7). The hepatic gene signatures in patients 
with elevated AFP observed in our GO analysis substan- 
tiate this theory. 

Among the 627 differentially expressed genes, 
AKR1B10 was the most highly up-regulated gene in 
patients with elevated AFP. AKR1B10 is a member of 
the AKR superfamily and was originally isolated as a 
gene whose expression was increased in human HCC. 
Previous studies reported faint AKR1B10 expression in 
the normal liver and frequent over- expression in human 
HCC (14, 16, 17). However, it remained unclear 
whether AKR1B10 expression was altered in patients 
with chronic liver disease, particularly in that associated 
with chronic hepatitis C. In this study, AKR1B10 
expression was significantly up -regulated in patients 
with chronic hepatitis C and elevated AFP compared to 
normal liver control subjects or patients with chronic 
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hepatitis C and normal AFP. More importantly, regres- 
sion analysis revealed a significant correlation between 
AKR1B10 expression and serum AFP. To our knowl- 
edge, this is the first report to show up -regulation of int- 
rahepatic AKR1B10 expression in association with 
serum AFP in patients with chronic hepatitis C. The 
mechanism by which intrahepatic AKR1B10 was up- 
regulated in chronic hepatitis C remains largely 
unknown. Although previous studies reported that 
AKR1B10 expression was regulated by the transcription 
factors AP-1 and Nrf-2 (18, 19), changes of AP-1 and 
Nrf-2 gene expression were not observed in our micro- 
array analysis (data not shown). Further studies are war- 
ranted to better understand the mechanism of 
AKR1B10 regulation in chronic hepatitis C. 

It is not clear why AKR1B10 expression is correlated 
with AFP. Aldo-keto reductase enzymes are NAD (P) In- 
dependent oxidoreductases that catalyse the reduction 
of carbonyl compounds, and various physiological sub- 
strates have been proposed for many AKR enzymes. 
Recently, AKR1B10 was shown to have a high catalytic 
efficiency for the reduction of all-trans-, 9-cis- and 13- 
ds-retinals to their corresponding retinols in vitro and 
in vivo (20, 21). Conversion of retinals to retinols via 
AKR1B10 can deprive retinoic acid receptors of their 
ligands, and can presumably inhibit the retinoic acid 
signalling pathway (22). Retinoic acid is thought to be 
essential for the maintenance of normal epithelial differ- 
entiation. Retinoic acid depletion causes cell prolifera- 
tion and loss of differentiation, thereby inducing 
preneoplastic phenotypes in normal epithelium 
(23-25). On the other hand, retinoic acid exposure 
inhibits proliferation of normal and transformed cells 
in vitro (26, 27), and dietary retinoic acid reduced the 
development of premalignant and malignant lesions in a 
chemically induced mouse carcinogenesis model (28). 
In human HCC, oral administration of acyclic retinoids 
is reported to prevent HCC (29). Collectively, these data 
indicate that up -regulation of AKR1B10 is linked to the 
depletion of retinoic acid levels, subsequent loss of dif- 
ferentiation and induction of the carcinofetal phenotype 
in hepatocytes, resulting in elevated serum AFP. Inter- 
estingly, our microarray analysis identified that dehy- 
drogenase/reductase member 2 (DHRS2) was the most 
down- regulated gene in patients with elevated AFP. 
DHRS2 was previously known as a nuclear protein 
Hep27 and functions in inhibition of cell proliferation 
through p53 stabilization (30). Therefore, DHRS2 
down- regulation is likely to result in hepatocyte prolif- 
eration. Taken together, not only AKR1B10 up-regula- 
tion but also alteration of other molecules, such as 
DHRS2, might be involved in the mechanisms of serum 
AFP elevation. 

In the matched case-control study, AKR1B10 expres- 
sion and platelet count were identified as independent 
predictors of HCC development. In particular, a > 6% 
up -regulation of AKR1B10 was associated with a ^21- 
fold relative risk. Many studies have shown AKR1B10 



up-regulation in several types of cancers, including 
recent reports of HCC (14, 31, 32), as well as in precan- 
cerous conditions, such as squamous metaplasia and 
Barrett's oesophagus (33, 34). Furthermore, several 
reports have shown that down- regulation of AKR1B10 
by using small interfering RNA inhibited cancer cell 
proliferation both in vitro and in vivo (31, 35). Thus, the 
involvement of AKR1B10 in carcinogenesis is intriguing. 
Collectively, our data and these studies indicate that 
AKR1B10 is not only a useful predictive marker of HCC 
but also might play an important role in hepatocarcino- 
genesis, particularly in the very early stages. Consis- 
tently, previous studies reported that AKR1B10 
up-regulation was mainly observed in early-stage HCC 
with well differentiation, and rarely observed in 
advanced stage HCC with poor differentiation (32, 36), 
indicating AKR1B10 up-regulation is an early event in 
the process of hepatocarcinogenesis. 

In conclusion, this study demonstrated that intrahe- 
patic AKR1B10 expression was up-regulated in associa- 
tion with AFP and significantly reflected the risk of HCC 
in patients with chronic hepatitis C. AKR1B10 is not only 
a clinically useful predictive marker for HCC develop- 
ment but may also hold the key to elucidating the mecha- 
nism of the very early stages of hepatocarcinogenesis. 
Our findings might reveal a new insight into the molecu- 
lar mechanism of hepatocarcinogenesis and provide a 
novel therapeutic target for the prevention of HCC. 

Acknowledgement 

This study was supported in part by a Grant- in- Aid 
from the Ministry of Health, Labor and Welfare of 
Japan. The authors are grateful to DNA Chip Research 
Inc. (Yokohama, Japan) for their technical assistance. 
Disclosure: The authors declare no conflict of interest. 



References 

1. EI-Serag HB, Rudolph KL. Hepatocellular carcinoma: epi- 
demiology and molecular carcinogenesis. Gastroenterology 
2007; 132: 2557-76. 

2. Fattovich G, Stroffolini T, Zagni I, Donato F. Hepatocellu- 
lar carcinoma in cirrhosis: incidence and risk factors. Gas- 
troenterology 2004; 127: S35-50. 

3. Kiyosawa K, Umemura T, Ichijo T, et al. Hepatocellular 
carcinoma: recent trends in Japan. Gastroenterology 2004; 
127: S17-26. 

4. Fattovich G, Giustina G, Degos F, et al Morbidity and 
mortality in compensated cirrhosis type C: a retrospective 
follow-up study of 384 patients. Gastroenterology 1997; 
112:463-72. 

5. Niederau C, Lange S, Heintges T, et al. Prognosis of 
chronic hepatitis C: results of a large prognostic cohort 
study. Hematology 1998; 28: 1687-95. 

6. Sun CA, Wu DM, Lin CC, et al. Incidence and cofactors 
of hepatitis C virus-related hepatocellular carcinoma: a 
prospective study of 12,008 men in Taiwan. Am J Epidemi- 
ol 2003; 157: 674-82. 



Liver International (2012) 
©2012 John Wiley & Sons A/S 



1389 



AKR1B10 in hepatitis C 



Sato et al. 



7. Di Bisceglie AM, Sterling RK, Chung RT, et al. Serum 
alpha-fetoprotein levels in patients with advanced hepati- 
tis C: results from the HALT-C Trial. J Hepatol 2005; 43: 
434-41. 

8. Colombo M, de Franchis R, Del Ninno E, et al. Hepatocel- 
lular carcinoma in Italian patients with cirrhosis. N Engl J 
Med 1991; 325: 675-80. 

9. Tsukuma H, Hiyama T, Tanaka S, et al. Risk factors for 
hepatocellular carcinoma among patients with chronic 
liver disease. N Engl J Med 1993; 328: 1797-801. 

10. Ikeda K, Saitoh S, Koida I, et al. A multivariate analysis of 
risk factors for hepatocellular carcinogenesis: a prospective 
observation of 795 patients with viral and alcoholic cirrho- 
sis. Hematology 1993; 18: 47-53. 

11. Tateyama M, Yatsuhashi H, Taura N, et al. Alpha-feto- 
protein above normal levels as a risk factor for the 
development of hepatocellular carcinoma in patients 
infected with hepatitis C virus. / Gastroenterol 2011; 46: 
92-100. 

12. Kumada T, Toyoda H, Kiriyama S, et al. Predictive value 
of tumor markers for hepatocarcinogenesis in patients 
with hepatitis C virus. / Gastroenterol 2011; 46: 536-44. 

13. Bedossa P, Poynard T. For the METAVIR Cooperative 
Study Group. An algorithm for the grading of activity in 
chronic hepatitis C. Hematology 1996; 24: 289-93. 

14. Heringlake S, Hofdmann M, Fiebeler A, et al. Identifica- 
tion and expression analysis of the aldo-ketoreductasel- 
B10 gene in primary malignant liver tumors. / Hepatol 
2010;52:220-7. 

15. Bruix J, Sherman M. Management of hepatocellular carci- 
noma. Hematology 2005; 42: 1208-36. 

16. Scuric Z, Stain SC, Anderson WF, Hwang JJ. New member 
of aldose reductase family proteins overexpressed in human 
hepatocellular carcinoma. Hematology 1998; 27: 943-50. 

17. Cao D, Fan ST, Chung SSM. Identification and character- 
ization of a novel human aldose reductase-like gene. / Biol 
Chem 1998; 273: 11429-35. 

18. Liu Z, Zhong L, Krishack PA, et al. Structure and pro- 
moter characterization of aldo-keto reductase family 1 B10 
gene. Gene 2009; 437: 39-44. 

19. Nishinaka T, Miura T, Okumura M, et al. Regulation of 
aldo-keto reductase AKR1B10 gene expression: involve- 
ment of transcription factor Nrf2. Chem Biol Interact 
2011; 191: 185-91. 

20. Crosas B, Hyndman DJ, Gallego O, et al. Human aldose 
reductase and human intestine aldose reductase are effi- 
cient retinal reductases: consequences for retinoid metabo- 
lism. Biochem /2003; 373: 973-9. 

21. Gallego O, Ruiz FX, Ardevol A, et al. Structural basis for 
the high all-trans- retinaldehyde reductase activity of the 
tumor marker AKR1B10. Proc Natl Acad Sci USA 2007; 
104: 20764-9. 

22. Penning TM. AKR1B10: a new diagnostic marker of non- 
small cell lung carcinoma in smokers. Clin Cancer Res 
2005; 11: 1687-90. 



23. Wolbach SB, Howe PR. Tissue changes following depriva- 
tion of fat-soluble A vitamin. J Exp Med 1925; 42: 753-78. 

24. Lancilloti F, Darwiche N, Celli G, De Luca LM. Retinoid 
status and the control of keratin expression and adhesion 
during the histogenesis of squamous metaplasia of tracheal 
epithelium. Cancer Res 1992; 52: 6144-52. 

25. Darwiche N, Celli G, Sly L, Lancilloti F, De Luca LM. Reti- 
noid status controls the appearance of reserve cells and 
keratin expression in mouse cervical epithelium. Cancer 
Res 1993; 53: 2287-99. 

26. Schroder EW, Rapaport E, Kabcenell AK, Black PH. 
Growth inhibitory and stimulatory effects of retinoic acid 
on murine 3T3 cells. Proc Natl Acad Sci USA 1982; 79: 
1549-52. 

27. Takatsuka J, Takahashi N, De Luca LM. Retinoic acid 
metabolism and inhibition of cell proliferation: an unex- 
pected liaison. Cancer Res 1996; 56: 675-8. 

28. Tannenbaum T, Lowry D, Darwiche N, et al. Topical reti- 
noic acid reduces skin papilloma formation but resistant 
papillomas are at high risk for malignant conversion. Can- 
cer Res 1998; 58: 1435-43. 

29. Muto Y, Moriwaki H, Saito A. Prevention of second pri- 
mary tumors by an acyclic retinoid, polyprenoic acid, in 
patients with hepatocellular carcinoma. N Engl J Med 
1999; 340: 1046-7. 

30. Deisenroth C, Thorner AR, Enomoto T, et al. Mitochon- 
drial HEP27 is a c-Myb target gene that inhibits Mdm2 
and stabilizes p53. Mol Cell Biochem 2010; 30: 3981-93. 

31. Satow R, Shitashige M, Kanai Y, et al. Combined func- 
tional genome survey of therapeutic targets for hepatocel- 
lular carcinoma. Clin Cancer Res 2010; 16: 2518-28. 

32. Schmitz KJ, Sotiropoulos GC, Baba HA, et al. AKR1B10 
expression is associated with less aggressive hepatocellular 
carcinoma: a clinicopathological study of 168 cases. Liver 
Int 2011; 31: 810-6. 

33. Li CP, Goto A, Watanabe A, et al. AKR1B10 in usual 
interstitial pneumonia: expression in squamous metaplasia 
in association with smoking and lung cancer. Pathol Res 
Pract 2008; 204:295-304. 

34. Breton J, Gage MC, Hay AW, et al. Proteomic screening 
of a cell line model of esophageal carcinogenesis identifies 
cathepsin D and aldo-keto reductase 1C2 and IB 10 dysre- 
gulation in Barrett's esophagus and esophageal adenocar- 
cinoma. J Proteome Res 2008; 7: 1953-62. 

35. Yan R, Zu X, Ma J, et al. Aldo-keto reductase family 1B10 
gene silencing results in growth inhibition of colorectal 
cancer cells: implication for cancer intervention. Int J Can- 
cer 2007; 121:2301-6. 

36. Teramoto R, Minagawa H, Honda M, et al. Protein 
expression profile characteristics to hepatocellular carci- 
noma revealed by 2D-DIGE with supervised learning. Bio- 
chim Biophys Acta 2008; 1784: 764-72. 



1390 



Liver International (2012) 
© 201 2 John Wiley & Sons A/S 



